Background: The biological behavior and clinical outcome of esophageal squamous cell carcinoma (ESCC) are difficult to predict.
Introduction
Esophageal cancer is the eighth most common cancer and the sixth leading cause of cancer death worldwide [1] . As the dominant type of esophageal cancer in China, esophageal squamous cell carcinoma (ESCC) distributes a general poor prognosis due to lack of a singular effective clinical method for early diagnosis. Despite improvements in its detection and treatment, the outcome in patients with ESCC remains poor, with an overall 5-year survival of 15-34% [2] [3] . Most patients who undergo curative treatment for ESCC will eventually relapse and die as a result of this cancer. Given the poor outcome of ESCC and its high incidence, it is increasingly important to understand the progression of this cancer and to identify the most associated prognostic factors.
Appropriate risk stratified selection for adjuvant treatment trials is paramount, considering the high cost and toxic side effects of chemotherapeutic drugs. Different clinicopathological parameters such as tumor location, size, differentiation, infiltrative depth, lymph node involvement and distant metastasis, have been proposed as relevant factors to predict cancer-specific survival in patients with ESCC [4] . To improve the predictive accuracy of single prognosticator, the 7 th edition AJCC/IUAC TNM classification system comprising several clinicopathological features and predicting different outcomes have been constructed [5] . Although currently proposed TNM system shows considerable prognostic accuracy, there remains demand for increasing the accuracy of existing outcome predictive system. Vascular invasion has been incorporated into TNM Classification of Malignant Tumors and College of American Pathologists Consensus Statement in pathological reports [6] [7] [8] . Assessment of vascular invasion with H&E staining enables identifying patients with high risk within the same TNM stage and therapeutic strategy can be tailored accordingly [9] . Since the report was investigated by Suqimachi et al. 1986 [10] , numerous studies have been conducted on vascular invasion in ESCC. Most of these studies indicated that vascular invasion in ESCC was the relevant predictor of cancer-specific survival [4, [11] [12] [13] . Additionally, vascular invasion in superficial ESCC is also found to be a strong risk factor correlated with lymph node metastasis [14] . Therefore, it seems to be an attractive prognostic predictor. However, several clinicopathological features failed to improve the accuracy of existing multivariate prognostic models when they were analyzed for their added value [15] [16] .
The objective of the current study was to assess the prognostic value of vascular invasion in patients with ESCC, focusing on the predictive significance of the pN classification supplemented by vascular invasion in a large, Chinese, single center cohort of patients with ESCC.
Materials and Methods

Ethics Statement
The study was approved by the Institute Research Medical Ethics Committee of Sun Yat-sen University. No informed consent (written or verbal) was obtained for use of retrospective tissue samples from the patients within this study, most of whom were deceased, since this was not deemed necessary by the Ethics Committee, who waived the need for consent. All samples were anonymised.
Patients and Cohorts
A total of 433 patients with ESCC, who underwent curative esophagectomy between October 2000 and May 2007, were randomly selected from the Department of Pathology of Sun Yatsen University Cancer Center (Guangzhou, China). The selective criteria were: (1) having no adjuvant treatment before operation; (2) complete resection of the tumor; (3) incised margin was negative; (4) without distant metastasis; (5) follow-up data was detailed and complete. Those patients were assigned to a testing cohort and a validation cohort by random number generated in computer.
The training cohort was composed of 152 (70%) male and 64 (30%) female, with median age of 56.5 years. Average follow-up time was 41.3 months (median, 38.5 months; range, 1.0-115.0 months). In parallel, the validation cohort included 169 (78%) male and 48 (22%) female, with a median age of 57.0 years. Average duration of follow-up in this cohort was 42.3 months (median, 39.0 months; range, 2.0-106.0 months).
We collected clinicopathologic data including patient age, gender, tumor location, tumor size, differentiation, TNM stage, infiltrative depth, lymph node status, vascular invasion and recurrence. These data are detailed in Table 1 . Tumor differentiation was determined based on the criteria proposed by WHO classification of Tumours of the Digestive System (2010 version). Tumor stage was defined according to the American Joint Committee on Cancer/International Union Against Cancer TNM (tumor-node-metastasis) classification system (2010 version). The patients were followed every 3 month for the first year and then every 6 months for the next 2 years and finally annually after surgery. The tumor recurrence (including local recurrence or metastasis) was detected by ultrasonography, CT or MRI. The time of detection of recurrence was still not known until the patient was dead of ESCC, and the time to death was used instead.
Pathological Evaluation
Patient records and original histopathologic slides were independently reviewed by 2 pathologists with special experience in gastrointestinal pathology (S.-Y. Xi and M.-Y. Cai) who were blinded to the pathological diagnoses and outcome data. Discrepancies were solved by simultaneous re-examination of the slides by both pathologists with a double-headed microscope. A mean of 4.2 (median 4, range 3-8) paraffin-embedded tissue blocks per tumor were available for evaluation, and all of these patients had at least 3 tissue blocks available.
The presence of vascular invasion was carefully evaluated on hematoxylin and eosin (H&E)-stained slides. Vascular invasion was defined as infiltration of vessel walls or the existence of tumor emboli [4] . The lymphatic channels were included in our study. Special care was taken to differentiate endothelial cells from retraction artifacts lined by fibroblasts.
Statistical Analysis
The correlation between vascular invasion and the clinicopathologic features of the ESCC patients was evaluated by a x2-test. For univariate analysis, survival curves were obtained with the Kaplan-Meier method, and the differences between groups in survival were tested by the log-rank test. Multivariate survival analyses were performed with the Cox proportional hazard regression model. The Harrell concordance index (C-index) was employed to assess model prognostic accuracy on multivariate analysis. A significant difference was deemed if the P value from a two-tailed test was less than 0.05. Statistical analysis was performed with SPSS statistical software package (SPSS Standard version 13.0; SPSS, Chicago, IL, USA) and R, version 3.0.1 (http://www.r-project.org/).
Results
The Patterns of Vascular Invasion
Vascular invasion in ESCC was identified as infiltration of vessel walls ( Figure 1A ) or the existence of tumor emboli in vascular spaces ( Figure 1B ). In the training cohort, presence of vascular invasion was observed in 113 of 216 (52.3%) of ESCCs. Further correlation analysis demonstrated that the presence of vascular invasion was significantly correlated with tumor location, infiltrative depth, pN classification and stage in ESCC (P,0.05, Table 1 ).
In the validation cohort, the presence of vascular invasion was found in 96 of 217 (44.2%) of ESCCs. Similar to the observations in the training cohort, presence of vascular invasion was correlated closely to certain clinicopathological features, including patient age, pN classification and stage (P,0.05, Table 1 ).
Survival Analysis
Assessment of survival in the training cohort of ESCC patients revealed that some clinicopathological parameters indicated a significant impact of prognosis, such as infiltrative depth (P = 0.005), pN classification (P,0.0001), tumor stage (P,0.0001) and vascular invasion (P,0.0001, Table 2 ). The result demonstrated that the patients with vascular invasion displayed a poor overall survival (Table 2; Figure 2A ) and recurrence-free survival ( Figure 2B ) than the patients without vascular invasion (P, 0.0001).
Results in the validation cohort were similar to those in the training cohort. Patients with presence of vascular invasion also showed a significant trend toward worse overall survival (Table 2; Figure 2C ) and recurrence-free survival ( Figure 2D ) compared to the patients with absence of vascular invasion (P,0.0001). Of the other prognostic factors, univariate analysis showed that gender (P,0.05), differentiation (P,0.05), lymph node status (P,0.0001) and tumor stage (P,0.0001) adversely affected patient diseasespecific survival (Table 2) .
Further survival analysis was performed with regard to vascular invasion in the subset of ESCC patients without lymph node metastasis. Our results demonstrated that the presence of vascular invasion was identified as a prognostic predictor of overall survival and recurrence-free survival in ESCC patients without lymph node metastasis in both cohorts (P,0.05, Figure 3 ).
Multivariate Cox Regression Analysis on the Two Cohorts
Since variables examined to have prognostic influence by univariate analysis may covariate, the presence of vascular invasion as well as other clinicopathologic features (including tumor size, differentiation, infiltrative depth, pN status and stage) were tested in multivariate analysis (Table 3 ). In the training cohort, the presence of vascular invasion was found to be a significantly independent prognostic factor for poor overall survival (hazard ratio, 1.622; 95% CI, 1.096-2.401; P = 0.016; Table 3 ). Similar results were also observed in our validation cohort (hazard ratio, 1.655; 95% CI, 1.100-2.489; P = 0.016; Table 3 ). Of the other parameters, pN classification was evaluated as an independent prognostic factor for patient survival in both cohorts.
New Prognostic Model with pN Classification Supplemented by Vascular Invasion
According to the results of our multivariate analyses, we proposed a new clinicopathologic prognostic model with 2 prognostic factors, i.e., pN classification and vascular invasion. We designated a high-risk group as the presence of the advanced pN classification (2 or 3) and vascular invasion, an intermediaterisk group as the presence of one factor [the presence of the advanced pN classification (2 or 3) or vascular invasion], and a low-risk group as the presence of none [the low pN classification (i.e., pN0 or pN1) and absence of vascular invasion]. Our results revealed that the proposed model could significantly stratify the risk (low, intermediate and high) for overall survival ( Figure 4A and 4B, P,0.0001) and recurrence-free survival ( Figure 4C and 4D, P,0.0001) in both cohorts.
In training cohort, application of C-index to the proposed new prognostic model showed improved predictive ability when compared with the single pN classification model (c indexes of 0.785 vs 0.739, respectively). Similar finding was observed in the validation cohort, the C-index of the pN classification supplemented by vascular invasion was 0.689 compared to 0.650 in our validation study of the pN classification model.
Discussion
It has been suggested that the 5-year overall survival of ESCC is 15-34% [2] [3] and suitable and individual management of ESCC is needed to improve the outcome for patients. TNM stage is traditionally considered the single most important prognostic factor of ESCC. Other features have been found to be prognostic Table 2 . Univariate analysis of vascular invasion and clinicopathologic variables in patients with primary esophageal squamous cell carcinoma (log-rank test). assessment of patients with ESCC. In this regard, the presence of tumor size, differentiation, location, performance status of patient, tumor infiltration depth, lymph node status and distant metastasis have a major role, and are extensively utilized in clinical setting [4, [10] [11] 14, [17] [18] [19] [20] [21] [22] [23] ].
In the current study, we assessed a retrospective collection of data on patients with ESCC to determine the prognostic accuracy of the pN classification compared to this classification supplemented by vascular invasion. Our results demonstrated that in testing and validation cohorts, the presence of vascular invasion was frequently observed in ESCC as evaluated on H&E-stained slides. Further correlation analyses in testing cohort revealed that the presence of vascular invasion in ESCCs was significantly associated with tumor location, infiltrative depth, pN status and stage. Similar result was confirmed in our validation cohort. In addition, multivariate analyses in both cohorts evaluated that the presence of vascular invasion was a prognostic factor independent of certain well-established clinical factors, including tumor size, differentiation, pT status, pN status and clinical stage. The Cindex analysis showed that the proposed new prognostic model (combined pN classification and vascular invasion) could improve the predictive ability when compared to pN classification.
Our findings of vascular invasion status and its correlation with ESCC patients' outcome are consistent with the results of other groups. In 1986, Sugimachi et al found a significant association between the presence of vascular invasion and 5-year survival as evidenced by univariate analysis [10] . A similar result was reported by Ide et al. [11] , in which multivariate analysis of ESCC patients revealed that vascular invasion was a significant prognostic predictor of the overall survival. In a more recent study, Kitagawa et al. investigated the prognostic value of epidermal growth factor receptor (EGFR) gene amplification in patients with ESCC and found that vascular invasion was proved to retain independent prognostic value [12] . Importantly, vascular invasion in superficial ESCC is also found to be a strong independent predictor of lymph node metastasis with an odds ratio of 12.01 [14] . Notably other published reports show no significantly prognostic value for vascular invasion to predict the outcome in patients with ESCC [15] [16] . Taken together, differences in clinicopathologic characteristics among cohorts, geographic backgrounds, methodology in vascular invasion detection, patient heterogeneity, lack of independent validation of the results, small sample size and different definitions of end points (disease-free, cancer specific or overall survival) might contribute to the controversial results.
Generally, our findings support the idea that the pN classification supplemented by vascular invasion might improve the ability to discriminate ESCC patients' outcome, especially in the patients without lymph node metastasis. As it is well known that the pTNM stage and tumor differentiation are the best-established risk factors for important aspects affecting the prognosis of patients with ESCC. These two variables, based on specific clinicopathologic features and extent of disease, may have reached their limits in providing critical information influencing patient prognosis and treatment strategies. Furthermore, outcome of patients with same stage following surgery is substantially different and such large discrepancy has not been well understood [24] [25] . Thus, there is a need for new objective strategies that can effectively distinguish between patients with favorable and unfavorable outcome. In the present study, our data support the concept that vascular invasion, as detected by H&E staining, can identify ESCC patients with or without aggressive clinical course and/or poor outcome. Thus, evaluation of vascular invasion may become a factor for predicting prognosis and rendering a more tailored treatment strategy in patients with ESCC. Based on our results, we proposed a new prognostic model with pN classification supplemented by vascular invasion. This combined model can reflect the aggressive phenotype of ESCC. There are also strong efforts to integrate biomarkers into established clinicopathologic models to further improve their predictive ability [26] . Thus, this combined model may be a useful prognostic index for ESCC. Although the present study was retrospective, it was strengthened by the fact that all histopathologic slides were reviewed by two gastrointestinal pathologists. Moreover, all classical clinicopathologic features were re-evaluated and compared to vascular invasion, which stood out as the most relevant predictor of ESCC aggressiveness. At last, we proposed a new prognostic model combining pN classification with vascular invasion that could be easily determined by the pathologists and used to accurately predict the biological behavior of ESCC. To our knowledge, this is the first report to investigate the prognostic ability of the pN classification supplemented by vascular invasion; however, further external validation of this important model is needed using pooled multicenter data.
In the present study, we observed that presence of vascular invasion was a strong and independent predictor of adverse survival, as evidenced by Kaplan-Meier curves and multivariate Cox proportional hazard regression analysis. The proposed new prognostic model with the pN classification supplemented by vascular invasion might improve the ability to discriminate ESCC patients' outcome. Thus, the examination of vascular invasion could be used as an additional effective instrument in identifying those ESCC patients at increased risk of tumor progression. This instrument might also help the clinician to choose a suitable therapy for the individual patient, for example, favoring a more aggressive treatment in patients with vascular invasion. 
